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1. Introduction

At the last RAN1 meeting, remaining details on NR RRM measurements based on SSB and CSI-RS for L3 mobility were discussed, and RAN1 made following agreements [1].
Following are the agreements regarding SSB based RRM measurement.
	Agreements:

· Keep the terminologies as in TS38.215 for the following measurement quantities:

· SS-RSRP

· SS-RSRQ

Agreements:

· Secondary synchronization signal reference signal received quality (SS-RSRQ) is defined as the ratio N×(SS block RSRP)/(NR carrier RSSI), where N is the number of RB’s of the NR carrier RSSI measurement bandwidth. The measurements in the numerator and denominator are made over the same set of resource blocks.

· FFS The measurements in the numerator and denominator can be made over potentially different sets of resource blocks. In other words, the SS-RSSI measurement BW can be differently configured from the SS measurement BW.

Agreements:

· SS received signal strength indicator (SS-RSSI), comprises the linear average of the total received power (in [W]) observed in OFDM symbols of measurement time resource(s), in the measurement bandwidth, over N number of resource blocks from all sources, including co-channel serving and non-serving cells, adjacent channel interference, thermal noise etc. 

· Measurement time resource(s) are confined within SMTC window duration(s).

Agreements:

· The SMTC configuration provided for IDLE mode per frequency carrier corresponds to one of the two SMTC configurations for the CONNECTED mode for the same carrier frequency. 

Agreements:

· Default RSSI time-domain measurement resource is supported, where a pre-determined (i.e., fixed in the spec) set of OFDM symbols are used taking into account OFDM symbols associated with detected SSBs

· FFS details

· A set of slots for RSSI time-domain measurement resource can be explicitly configured per frequency carrier by OSI for IDLE, by RRC for CONNECTED. A set of OFDM symbols in the configured slot are used taking into account OFDM symbols associated with detected SSBs.

· This is supported at least for intra-frequency measurement for both IDLE and CONNECTED; and inter-frequency measurement for CONNECTED

· FFS the applicability for IDLE mode inter-frequency measurement

· FFS details

Agreements:

IMR for SSS based RS-SINR shall be down-selected from the following alternatives:

· Alt 1: PBCH DMRS 

· Alt 2: The RS used for RSRP measurement (i.e., SSS + potentially PBCH DMRS)

· No RRC impact is expected 


Following are the agreements regarding CSI-RS based RRM measurement.
	Agreements:

· CSI reference signal received quality (CSI-RSRQ) is defined as the ratio (N×CSI-RSRP)/ CSI-RSSI, where N is the number of resource blocks in the CSI-RSSI measurement bandwidth. The measurements in the numerator and denominator are made over the same set of resource blocks.

· FFS: Additional support of the following. The measurements in the numerator and denominator can be made over potentially different sets of resource blocks. In other words, the CSI-RSSI measurement BW can be differently configured from the CSI-RS measurement BW.

Agreements:

· At least single-port CSI-RS resources, following the same design already agreed for BM, can be configured to be used for L3 mobility 

· CSI-RS for L3 mobility is separately configured from that for BM
Agreements:

· No concensus to support additional periodicity values for CSI-RS for L3 mobility

Agreements:

· L3 mobility CSI-RS is based on the CSI-RS configuration framework for the BM 

· FFS the details, e.g., tailoring some or all the BM parameters (e.g., resource settings, resource sets, and resources; and corresponding parameters) for L3 mobility needs

Agreements:

· CSI received Signal Strength Indicator (CSI-RSSI), comprises the linear average of the total received power (in [W]) observed only in OFDM symbols of measurement time resource(s), in the measurement bandwidth, over N number of resource blocks from all sources, including co-channel serving and non-serving cells, adjacent channel interference, thermal noise etc.

· Measurement time resource(s) for CSI-RSSI corresponds to OFDM symbols containing L3 mobility CSI-RS.

Agreements:

IMR for CSI-RS based RS-SINR for RRM shall be down-selected (if any) from the following alternatives:

· Alt 1: CSI-RS REs used for the RSRP measurement 

· Alt 2: interference is measured on the same OFDM symbol for which corresponding CSI-RS is mapped 

· No RRC impact is expected


In this contribution, we further discuss remaining issues on SSB based and CSI-RS based measurement for mobility management. 
2. SS/PBCH block based RRM measurement
At the last RAN1 meeting, the definitions of SS-RSRQ, SS-RSSI, and SS-SINR were discussed. But there are still some remaining issues on resources for RSSI/interference measurement.
SS-RSSI frequency resource 
At the last RAN1 meeting, SS-RSRQ definition was agreed. But it is still under discussion whether the measurements in the numerator and denominator can be made over potentially different sets of resource blocks or not. It is simple that the measurements in the numerator and denominator are made over the same set of resource blocks. However, in a synchronized network, the SSBs from different cells may collide. In that case, the measured RSSI/interference in the SSB bandwidth could not reflect real interference condition brought by data transmission of neighboring cells. Therefore, differently configured SS-RSSI measurement bandwidth is beneficial to relax this problem. Nevertheless, full configuration flexibility may not be necessary. It would be sufficient to support several configuration patterns for SS-RSSI frequency resource. For example, SS-RSSI measurement can be performed on SSB bandwidth, active DL BWP bandwidth, or min(UE maximum supported bandwidth, carrier bandwidth).

Proposal 1

· NR supports to configure SS-RSSI measurement bandwidth that can be different from the SS measurement bandwidth.
· Candidate bandwidth configurations are SS block bandwidth, active DL BWP bandwidth and min(UE maximum supported bandwidth, carrier bandwidth).
SS-RSSI time resource 
At last RAN1 meeting, the details of RSSI time-domain measurement resource for SSB based RSRQ were discussed. There were following options for the default RSSI time-domain measurement resource [2].
· Alt 1: RSSI is measured in all the OFDM symbols in the slot where SSB(s) is detected.

· Alt 2: The 1st N OFDM symbols in all the slots in the SMTC window

· Alt 3: The 1st N OFDM symbols in the slots where SSB(s) is detected

· Alt 4: The OFDM symbols corresponding to the detected SSBs

· Alt 5: N OFDM symbols prior to and including each detected SSB

· In these alternatives, N is fixed in the spec

Alt. 1 is not preferred as it leads to the same measured RSSI for two different SSBs in a slot. In addition, the measurement of all OFDM systems in the slot including SSB symbols could not reflect the real interference condition brought by data transmission of neighboring cells. In Alt. 2, for all the detected SSBs in the SMTC window, the measured RSSI would be the same. Thus, Alt. 2 is not preferred, either. Alt. 3 has the similar issue of the same measured RSSI for two different SSBs in a slot. However, in some cases, the issue does not exist. For example, if only a SSB is transmitted in a slot, the measured RSSI would be a SSB-specific value. Hence, Alt. 3 can be considered. Alt. 4 and Alt. 5 are not preferred as both alternatives could not reflect the real interference condition brought by data transmission of neighboring cells.
In Alt. 3, with proper definition of N, the measured OFDM symbols will not collide with SSBs from neighboring cells, and the measurement could reflect the real interference condition. For example, in the case of 15 or 30 kHz subcarrier spacing (SCS) for SS block transmission, first 2 or 4 symbols within a slot of 14 symbols based on SCS of SSB are available for DL control and data. In that case, with N=2 or N=4, the measurement in Alt. 3 could reflect the real interference condition. The proper value of N for different SCS of SSB could be different. For example, N can be 4 for 120 kHz SCS, and can be 8 for 240 kHz SCS considering candidate SSB time locations within a slot. With larger value of N, the measurement accuracy can be improved. Hence, different values of N can be defined for different subcarrier spacings in the specification, i.e., N=2 for 15 kHz subcarrier spacing, N=2 or 4 for 30 kHz subcarrier spacing according to SSB location pattern defined per band, N=4 for 120 kHz subcarrier spacing, and N=8 for 240 kHz subcarrier spacing. 
Proposal 2 
· For the default SS-RSSI time-domain measurement resource, SS-RSSI is measured in the 1st N OFDM symbols in the slots where SSB(s) is detected. The value of N depends on subcarrier spacing of SSB and SSB time locations within a slot defined for the frequency band.
· N is defined so that all OFDM symbols before 1st SSB within the slot are defined as default SS-RSSI time domain measurement resource.
For the configuration of the RSSI time-domain measurement resource, the following was discussed [2]. 

· The set of OFDM symbols to be down-selected among:

· Option 1: the OFDM symbols are all the OFDM symbols in the configured slot

· Option 2: the 1st M OFDM symbols in the configured slot, where M is fixed in the spec

· Option 3: a set of consecutive m OFDM symbols in the configured slot, where m is configurable

In all options, we think the configured slot should be DL slot, which may contain DL symbols and unknown symbols. Due to uncertainty of the slot configuration, it seems difficult to define a fixed M value to support measurement of DL symbols for different slot formats. However, a fixed definition for RSSI time-domain measurement resource can be considered. For example, DL/unknown symbols within the configured slot(s) can be used as RSSI time-domain measurement resource assuming UE knows the slot configuration. 
Proposal 3
· For the configuration of the RSSI time-domain measurement resource, SS-RSSI is measured in DL/unknown OFDM symbols in the configured slot(s).
IMR for SS-SINR 
At the last RAN1 meeting, it was agreed that IMR for SSS based RS-SINR shall be down-selected from the following alternatives without RRC impact:

· Alt 1: PBCH DMRS 

· Alt 2: The RS used for RSRP measurement (i.e., SSS + potentially PBCH DMRS)

In synchronized NW, both Alt. 1 and Alt. 2 may not reflect the real channel condition. While in asynchronized NW, both alternatives may be able to reflect the real channel condition. Either in synchronized or asynchronized NW, Alt. 2 would achieve better measurement accuracy than Alt. 1 if both SSS and PBCH DMRS are used for interference/noise measurement. However, in Alt. 2, if only SSS is used for IMR measurement without additional usage of PBCH DMRS, which would happen in many cases, Alt. 1 may provide better measurement accuracy than Alt. 2 due to larger number of PBCH DMRS REs than the number of SSS REs. In order to achieve better measurement accuracy, we propose Alt. 3: SSS + PBCH DMRS. Compared with Alt. 1, the increase of UE measurement complexity in Alt.3 is marginal. This is because measuring SSS should be easy, while using PBCH DMRS needs additional effort to identify PBCH DMRS sequence pattern (SSB index), especially when measuring neighbour cells. Therefore, Alt. 3 is preferred as it provides better measurement accuracy than Alt.1 and Alt. 2 with comparable measurement complexity as Alt. 1.
Proposal 4
· NR supports to use SSS and PBCH DMRS as IMR for SS-SINR measurement. 
RRM measurement based on multiple SSBs for wideband UE
RAN2 agreed that a measurement object indicates UE to measure single frequency location. However, it is possible that UE is configured to measure multiple SSB frequency locations within a wideband CC (e.g., within its active BWP). In such case, UE can measure multiple SSBs frequency locations simultaneously (with fixed analogue RX beam). To efficiently utilize such multiple SSBs, NW may apply different TX beams to different SSBs on the same timing e.g., by using different antenna panels so that UE RX beam sweeping for each SSB TX beam reception can be efficiently performed. To achieve such operation, QCL assumption on multiple SSBs within a cell needs to be clarified, i.e., QCL should not be assumed between SSBs with different frequency locations within a CC even with same SSB index.
Proposal 5

· By default, a UE may not assume that antenna ports used for transmissions of SS/PBCH blocks with different frequency locations within a CC (even with same indexes) are quasi-collocated with respect to spatial, average gain, delay and Doppler parameters.
3. CSI-RS based RRM measurement

At the last RAN1 meeting, the definitions of CSI-RSRQ, CSI-RSSI, and CSI-SINR were discussed. But there are still some remaining issues on resources for RSSI/interference measurement and CSI-RS configurations.
CSI-RSSI frequency resource 
At the last RAN1 meeting, CSI-RSRQ definition was agreed. But it is still under discussion whether the measurements in the numerator and denominator can be made over potentially different sets of resource blocks or not. For SS-RSSI, the measurement in the SSB bandwidth could not reflect real interference condition brought by data transmission of neighboring cells due to collided SSBs. However, the case is different for CSI-RSSI. In most cases, RSSI measurement based on CSI-RS measurement bandwidth could reflect real interference condition. Only in some extreme case, when data could not be FDMed on those CSI-RS symbols due to large number of NZP/ZP CSI-RS resources, such RSSI measurement may be not accurate. Therefore, CSI-RSSI measurement bandwidth can be the same as configured CSI-RS measurement BW
Proposal 6
· CSI-RSSI measurement bandwidth is the same as configured CSI-RS measurement bandwidth.
IMR for CSI-SINR 
At the last RAN1 meeting, it was agreed that IMR for CSI-SINR shall be down-selected from the following alternatives without RRC impact:

· Alt 1: CSI-RS REs used for the RSRP measurement 

· Alt 2: interference is measured on the same OFDM symbol for which corresponding CSI-RS is mapped 

In Alt. 2, UE measurement for interference would be complicated as UE needs to know the signals from serving cell on those CSI-RS symbols, including both CSI-RS REs and the other FDMed signal/channel REs. In Alt. 1, UE measurement for interference is relatively simpler as UE just needs to know the signals on CSI-RS REs. Therefore, Alt. 1 is supported.

Proposal 7
· CSI-RS REs used for the RSRP measurement are used as IMR for CSI-SINR.
Detailed configuration parameters for CSI-RS for L3 mobility
· Maximum number of CSI-RS resources for CSI-RS based RRM measurement
In LTE Rel-12 DRS, maximum of 96 CSI-RS resources can be configured in a measurement object considering the limitation of physical resources. In NR, the maximum number of CSI-RS resources for configuration should also consider the maximum number of CSI-RS resources within a RB/slot and the maximum number of RBs/slots within measurement window duration. If the physical resource number derived by such method is extremely large, some further limitation method should be considered. For example, for 1 port CSI-RS with resource density of 1 RE/RB/port, 168 CSI-RS resources can be supported within 1 slot. Considering the limited symbol position for CSI-RS resources, the number would be smaller than 168. With additional consideration on measurement window duration and the number of detected cells, the CSI-RS resource number could be larger than 1000. However, UE measurement complexity should also be taken into account. Hence, a value around 200 may be appropriate for maximum number of CSI-RS resources in terms of tradeoff between performance and complexity.
Proposal 8
· NR supports to configure maximum of around 200 CSI-RS resources for CSI-RS based RRM measurement on a carrier.

· Candidate measurement bandwidth 

At RAN1 NR-AH#2 meeting, it was agreed to configure measurement bandwidth for CSI-RS based RRM measurement, and at least minimum carrier bandwidth for each frequency band/range and at least one additional wider bandwidth for each SCS are supported. We think all the supported carrier bandwidth values can be supported as candidate measurement bandwidth. In addition, it is fine to require the UE to support the maximum UE bandwidth for CSI-RS measurement. However, considering that different UEs may support different maximum UE bandwidths, it may be easier to define a fixed candidate measurement bandwidth for different UEs for each frequency band. Therefore, the bandwidth of current active bandwidth part (BWP) is a good option for the fixed candidate measurement bandwidth. The configured measurement bandwidth should be common to all the configured CSI-RS resources.
Proposal 9
· NR supports all the supported carrier bandwidth and active BWP bandwidth as candidate measurement bandwidth for CSI-RS based RRM measurement.

· The measurement bandwidth is common to all the configured CSI-RS resources for CSI-RS based RRM measurement on a carrier.
· Candidate transmission bandwidth 
Similar as discussion on measurement bandwidth above, all the supported carrier bandwidth values can be supported as candidate transmission bandwidth. And the configured transmission bandwidth should be common to all the configured CSI-RS resources. At the last RAN1 meeting, it was agreed to support configuring CSI-RS resource on BWP with a transmission BW equal to or smaller than the BWP in MIMO section. Therefore, the active BWP bandwidth can be also supported as candidate transmission bandwidth. 
Proposal 10
· NR supports all the supported carrier bandwidth and active BWP bandwidth as candidate transmission bandwidth for CSI-RS based RRM measurement.

· The transmission bandwidth is common to all the configured CSI-RS resources for CSI-RS based RRM measurement on a carrier.
· Number of CSI-RS port and density
At RAN1#NR-AH2 meeting, it was agreed that CSI-RS resource with 1-port and 2-port for one OFDM symbol can be used for beam management. For 2-port CSI-RS for beam management, only 1 RE/RB/port within a OFDM symbol is supported. At RAN1#90 meeting, there was working assumption that design of [1 or 2] port CSI-RS resources for beam management is reused for CSI-RS for L3 mobility. In addition, the value of D (RE/RB/port within a OFDM symbol) for CSI-RS for beam management are reused for CSI-RS for L3 mobility. It would be simpler to only support 1-port CSI-RS for RRM measurement. For 1-port CSI-RS, variety of density values of D should be supported. In addition, 1-port CSI-RS with D >= 1 could provide better measurement accuracy than 2-port CSI-RS with D = 1. Both the number of CSI-RS port and CSI-RS density should be common to all the configured CSI-RS resources.
Proposal 11
· NR supports 1-port CSI-RS for RRM measurement.

· NR supports variety of density values such as D= {1, 2, 3, 4, 6 and 12} for 1-port CSI-RS for RRM measurement.

· The number of CSI-RS port (if both 1 port and 2 ports are supported) and CSI-RS density are common to all the configured CSI-RS resources for CSI-RS based RRM measurement on a carrier.
· Periodicity 
At the last RAN1 meeting, periodicity for CSI-RS based RRM measurement was discussed and there was no consensus to support additional periodicity values for CSI-RS for L3 mobility. Therefore, candidate periodicity values for CSI-RS based RRM measurement are {5, 10, 20, 40} ms. In addition, the periodicity is common to all the configured CSI-RS resources.
Proposal 12
· The periodicity is common to all the configured CSI-RS resources for CSI-RS based RRM measurement on a carrier.
· Numerology

CSI-RS for L3 mobility may be multiplexed with SS block in frequency domain in some case, and multiplexed with data/control channels in other cases. Hence, numerology of CSI-RS for L3 mobility should be flexible and configurable. In addition, it should be common to all the configured CSI-RS resources. Regarding detailed numerology configuration, {15, 30, 60} kHz for sub-6 GHz and {60, 120, 240} kHz for above-6 GHz can be supported
Proposal 13
· NR support {15, 30, 60} kHz for sub-6 GHz and {60, 120, 240} kHz for above-6 GHz for CSI-RS based RRM measurement.
· The numerology is common to all the configured CSI-RS resources for CSI-RS based RRM measurement on a carrier.

· QCL

It is beneficial to support and indicate an QCL association between SS block and CSI-RS. At RAN1#NR-AH2 meeting, it was agreed that property of spatial QCL between SS block and CSI-RS for beam management would be reused. Such QCL can be explicitly indicated via RRC signaling for association between SSB index and each CSI-RS resource.
Proposal 14
· NR supports RRC signaling to indicate QCL association between SSB index and each CSI-RS resource.
· CSI-RS time/frequency resource

At RAN1#NR-AH2 meeting, it was agreed that CSI-RS design including RE mapping and density for beam management is assumed as baseline. We think that the CSI-RS time/frequency resource configuration design agreed for beam management can be reused and adopted for RRM measurement. 
Proposal 15
· CSI-RS based RRM measurement reuses the CSI-RS time/frequency resource configuration design for beam management.
4. Conclusion 

In this contribution, we discussed on remaining issues on measurement and configuration for mobility management. Based on the discussion, we made following proposals. 

Proposal 1

· NR supports to configure SS-RSSI measurement bandwidth that can be different from the SS measurement bandwidth.
· Candidate bandwidth configurations are SS block bandwidth, active DL BWP bandwidth and min(UE maximum supported bandwidth, carrier bandwidth).
Proposal 2 
· For the default SS-RSSI time-domain measurement resource, SS-RSSI is measured in the 1st N OFDM symbols in the slots where SSB(s) is detected. The value of N depends on subcarrier spacing of SSB and SSB time locations within a slot defined for the frequency band.
· N is defined so that all OFDM symbols before 1st SSB within the slot are defined as default SS-RSSI time domain measurement resource.
Proposal 3

· For the configuration of the RSSI time-domain measurement resource, SS-RSSI is measured in DL/unknown OFDM symbols in the configured slot(s).
Proposal 4

· NR supports to use SSS and PBCH DMRS as IMR for SS-SINR measurement. 
Proposal 5

· By default, a UE may not assume that antenna ports used for transmissions of SS/PBCH blocks with different frequency locations within a CC (even with same indexes) are quasi-collocated with respect to spatial, average gain, delay and Doppler parameters.
Proposal 6
· CSI-RSSI measurement bandwidth is the same as configured CSI-RS measurement bandwidth.
Proposal 7
· CSI-RS REs used for the RSRP measurement are used as IMR for CSI-SINR.
Proposal 8
· NR supports to configure maximum of around 200 CSI-RS resources for CSI-RS based RRM measurement on a carrier.

Proposal 9
· NR supports all the supported carrier bandwidth and active BWP bandwidth as candidate measurement bandwidth for CSI-RS based RRM measurement.

· The measurement bandwidth is common to all the configured CSI-RS resources for CSI-RS based RRM measurement on a carrier.
Proposal 10
· NR supports all the supported carrier bandwidth and active BWP bandwidth as candidate transmission bandwidth for CSI-RS based RRM measurement.

· The transmission bandwidth is common to all the configured CSI-RS resources for CSI-RS based RRM measurement on a carrier.
Proposal 11
· NR supports 1-port CSI-RS for RRM measurement.

· NR supports variety of density values such as D= {1, 2, 3, 4, 6 and 12} for 1-port CSI-RS for RRM measurement.

· The number of CSI-RS port (if both 1 port and 2 ports are supported) and CSI-RS density are common to all the configured CSI-RS resources for CSI-RS based RRM measurement on a carrier.
Proposal 12
· The periodicity is common to all the configured CSI-RS resources for CSI-RS based RRM measurement on a carrier.
Proposal 13
· NR support {15, 30, 60} kHz for sub-6 GHz and {60, 120, 240} kHz for above-6 GHz for CSI-RS based RRM measurement.
· The numerology is common to all the configured CSI-RS resources for CSI-RS based RRM measurement on a carrier.

Proposal 14
· NR supports RRC signaling to indicate QCL association between SSB index and each CSI-RS resource.
Proposal 15
· CSI-RS based RRM measurement reuses the CSI-RS time/frequency resource configuration design for beam management.
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